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A closed conduit, such as an overflow pipe for a conservation 
pond or a sanitary lagoon, will not flow full if laid on a slope 
that is hydraulically steep unless the pipe entrance receives 
special attention. A steep conduit slope is necessary to insure that 
the pipe entrance controls flow.
The recently introduced hood inlet will permit the closed 
conduit to flow full, even if on a hydraulically steep slope, upon 
slight submergence of the inlet crown. The hood inlet is formed 
by cutting the pipe at an angle so that the crown of the inlet pro­
jects beyond the invert.
In this study, optimum hood length and entrance loss coeffi­
cients are determined for the hood inlet. The effects on pipe 
flow of conduit slope and vortex action are presented. As a 
further development of the hood inlet, initial investigations are 
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The rapid increase in the construction of conservation 
ponds, sanitary lagoons, and other types of small impoundments in 
the past few years has been coupled with a corresponding increase 
in the use of closed conduits to provide the necessary drainage for 
these structures. A large proportion of these closed conduits are 
simple circular pipes. Engineers, recognizing that a seemingly small 
saving in each of the closed conduits will result in a substantial 
saving for the project as a whole, have renewed their efforts to 
provide the construction industry with the most economical design 
of the culvert, overflow pipe, or whatever drainage structure that 
is required. Engineers have narrowed their investigations of closed 
conduits to mainly one area, the inlet of the pipe. In the vast 
majority of cases the inlet design will determine the pipe capacity.
Of particular interest is the design of closed conduit spill­
ways for small conservation ponds and sanitary lagoons. Since it is 
necessary for the pipe to flow full in order to obtain maximum pipe 
flow at a steep slope, filling of the pipe must occur under the 
lowest head feasible. The higher the head required for full pipe 
flow, the higher the embankment must be to provide this head. The 
resulting economy implications are obvious. If full pipe flow 
cannot be obtained under a low head, the engineer is forced to use a 
larger overflow pipe, designed not to flow full, to provide the 
necessary drainage. If full pipe flow under a low head is only ob­
tainable by using an elaborate, and costly, pipe entrance, the
engineer again might be justified in using a larger overflow pipe 
that is designed not to flow full.
In addition to the above requirements, another feature is 
desirable of any overflow structure used on a sanitary lagoon.
This feature is the ability of that structure to exclude the top 
layer of water during flow.
The recent (1954) introduction of the hood inlet appears to 
be a solution to the problem of insuring full pipe flow at both a low 
head and at a reasonable cost. The hood inlet is formed by cutting 
the pipe at an angle so that the crown of the inlet projects beyond 
the invert (Figure 1). Since the hood inlet concept is relatively 
new, there is a very limited amount of published information avail­
able. This lack of design information and the great potential use 
of the hood inlet prompted the author to undertake an investigation 
of the subject. Since there was a special interest expressed on 
the use of the hood inlet as an overflow structure for sanitary 
lagoons, initial investigations were made to determine the 
feasibility of a surface flow excluder to be used in conjunction 
with the hood inlet.
The author wishes to especially express his sincere appreciation 
to Professor Clifford D. Muir who suggested the problem and who gave 
constant advice during the preparation of this paper.
The author also wishes to thank Professor V. A. C. Gevecker 
and Professor E. W. Carlton for their complete review of this thesis.
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II. REVIEW OF LITERATURE
Since its introduction by L. R. Kessler in 1934 (1)\ the 
drop inlet has been the major type of closed conduit spillway for 
small impoundments of water. The principle advantage of the drop 
inlet was the fact that it would flow full at a low head even if on 
a steep slope. Hydraulic engineers have improved upon the original 
design to such an extent that the drop inlet height to insure full 
pipe flow has been reduced from five barrel diameters to two barrel 
diameters by using a special enlarged entrance (2). However, under 
certain circumstances this low drop inlet height is too high. The 
required drop inlet height, and the complexity of its fabrication, 
led to investigations of other types of pipe entrances.
In 1954 M. R. Karr and L. A. Clayton, investigating full pipe 
flow on steep grades, introduced the hood inlet (3). By using this 
type of entrance they were able to obtain full pipe flow on steep 
grades at a low head. This design concept was investigated further 
by the United States Soil Conservation Service resulting in a 
favorable report presented by F. W. Blaisdell in 1960 (4). Blaisdell
explored the general characteristics of the hood inlet and recommen-
2ded a minimum hood length of 3/4 of a pipe diameter (3/4D). His 
recommendation was based primarily on design conduit slopes up to 
36%. He went on to develop the flow equations based on a hood length 
of 3/4D (5) .
1. Numerals in parenthesis refer to corresponding items in the 
bibliography.
2. All pipe diameters mentioned in this study refer to inside pipe 
diameters.
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As far as is known by the author, there has been no attempt 
to adopt the hood inlet as an overflow structure for sanitary la­
goons. However, because of the low embankment heights involved and 
a normal depth of the lagoon of 2.5' to 3.0', it appears that the 
conduit slopes would not exceed 20%, and in general, would be less 
than 20%. If such were the case, the optimum hood length might be 
less than 3/4D, resulting in a smaller value of the entrance loss 
coefficient (K^). Naturally, the smaller the value of K^, the 
greater is the potential capacity of the pipe.
For full pipe flow the value of can be determined by first 
writing the familiar Bernoulli's equation from the headwater surface 
to the center of the pipe exit. By referring to Figure 2
+ V. zi - P2 + + %2 "*■ (1)
w 2g w 2g
where h^ is made up of entrance, friction and minor losses such as
3bends and contractions . Since these minor losses can be neglected 
for straight pipes
hl “ <Ke + £ i > l L  (
U 2g
where f is the Weisbach friction factor and 1 is the conduit length. 
Again referring to Figure 2, it can be seen that p^ = P2 for an exit 
that discharges into the atmosphere. Assuming that = 0 and 
letting and = 0, equation (1) reduces to
3. A complete list of symbols appears in Appendix 1.
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By letting = V ± ^ = V and = H + Hg -y, equation (3)
becomes
(3)
H + H -y = (K + f 1 + 1) V
S 0  ' pD 2g
(4)
From Figure 3 it can be shown that
y = D cos (sin  ^H )
2 -i
(5)
By substituting equation (5) into equation (4) and solving for K




As a basis of comparison, the value of K for a re-entrant,e
square edged entrance with a freely discharging exit is normally
considered to be eight tenths (6). Also from equation (6) Q can
be determined once the value of K is known. Since Q = VAe
Q = A (2g/~H + H - D cos (sin-1 H >7 )
( S 2 -f- )
£ K + f 1 + 1 l
( e 1  >
1/2
(7)
where Q is the quantity of water passing through the conduit and A 
is the cross-sectional area of the conduit.
A considerable amount of research has been devoted to the 
subject of anti-vortex devices. When a vortex is present in full 
pipe flow, air is sucked into the pipe, replacing a portion of the 
water in the pipe, resulting in a decrease in the actual flow. 
Various devices were tested by Blaisdell with the final selection of
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an anti-vortex plate with dimensions as shown in Figure 4 (7).
During the first week of August of I960, a symposium on 
sanitary lagoons was conducted in Kansas City, Missouri. This 
symposium was arranged and conducted by the United States Public 
Health Service, Water Supply and Pollution Control Activities,
Region VI. Closed conduit inlet design was discussed and the de­
sirable feature of a surface flow excluder was brought out. The pur­
pose of a surface flow excluder is to keep floating waste matter 
from being carried through the overflow pipe (8). To the author's 
knowledge there has been no attempt to incorporate a surface flow 
excluder into the overall design of the overflow inlet. The practice 
of using a screen to exclude the floating waste matter has two 
principle disadvantages: the screen is easily clogged and minute 




Since it was desirable to first investigate the characteristics 
of the hood inlet as it would be used on any closed conduit spill­
way, initial emphasis was placed on such features of the hood inlet 
as optimum hood length, vortex action, the effect of conduit slope,
and a value for the entrance loss coefficient (K ) . After thesee
general features were investigated, emphasis was shifted to in­
corporating the hood inlet with a surface flow excluder that could 
be used as an overflow structure for a sanitary lagoon. Realizing 
that other investigations on a surface flow excluder would follow the 
author's ,observations in this field were limited to the general 
functioning of various sizes of one type of surface flow excluder.
An assumption that the maximum design conduit slope would 
not exceed 20% was made prior to the start of the research. This 
assumption was based on the low embankment heights and depths of 
water associated with sanitary lagoons. To insure that the conduit 
entrance would control flow, pipe slopes were selected that exceeded 
the critical slope of 0.51%. Calculations for the determination of 
the critical slope are found in Appendix 2.
It was felt that the maximum head above the invert of the pipe 
entrance (H) should be limited to two pipe diameters. Nevertheless, 
it was desirous that full pipe flow be attained at a head in the 
vicinity of one pipe diameter to keep the required embankment height 
as low as possible.
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A re-entrant condition was selected for all pipe entrances 
studied. It was assumed that this would provide the necessary con­
trol for all runs. There are more efficient pipe entrance locations, 
such as being flush mounted with the headwall; however, here it is 
extremely difficult to transform exact model conditions to the corres­
ponding prototype conditions. All pipes in this work were re-entrant 
three diameters to insure a re-entrant condition. Also, all en­
trances were straight cut as shown in Figure 1 in order to duplicate 
the normal practice that would be employed in the field.
Three separate and distinct phases of flow are associated 
with the hood inlet. These phases are: (a) open channel flow,
(b) transition flow, and (c) full pipe flow.
Upon commencement of flow, a small hydraulic jump forms in 
the pipe entrance. This hydraulic jump increases in magnitude as 
the head increases. Due to the entrance configuration, the sides 
of the hydraulic jump are forced inward when the head is slightly 
less than one diameter. The forcing of the sides of the hydraulic 
jump inward results in two local rises in the water surface inside 
of the entrance (Figure 5b). These local rises meet upon a further 
increase in head and the inlet seals (Figure 5c). This stage marks 
the end of open channel flow and the beginning of transition flow. 
When the head is increased further the pipe velocity becomes suffi­
cient to carry the hydraulic jump down the pipe, thus filling the 
pipe. Filling the pipe increases its capacity due to the negative 
pressures developed within the pipe; thus, the headwater elevation
,(a) H/D = .97. Open Channel Flow
(c) H/D = 1.09. Just After Priming 
shown with Anti-Vortex Plate
(jb) H/D = 1.05. Just Before 
Priming
■ (d) H/D 1.20. Full Pipe Flow
Figure 5, Sequence of Pipe Flow
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drops slightly, breaking the seal at the entrance and air is sucked 
into the pipe. Open channel flow results until the inlet again 
primes (seals) and the process is repeated. However, since the head 
is continually increasing, the frequency of these cycles increase 
until full pipe flow is attained (Figure 5d).
B. Description of Experimental Apparatus
The experimental apparatus, as shown in Figure 6, consisted 
generally of: a stilling basin, overflow pipe, a platform scales, 
and a source of water. These and other components are briefly de­
scribed in the following paragraphs.
1. The stilling basin consisted of a 3' x 6' x 2' steel 
tank with an internal 8" crushed rock baffle.
2. Water depth, head, was determined by an externally mounted 
manometer . The manometer had an ID of %" which limited capillary rise 
to a negligible amount.
3. The 3" ID overflow pipe was made of cast Acrylic plastic 
with a thickness of wall of 1/8" .
4. The weight of water flowing through the pipe was measured 
by a calibrated Fairbanks platform scales. The scales were set on a 
wooden runway to facilitate movement into and out of the jet of water.
5. A 2" centrifugal pump, that circulated water in a closed 
system, provided a dependable head.
6. All models, exclusive of the conduit itself, were made of
1/16" Acrylic sheet.
17
Figure 6, Experimental Apparatus Employed
18
C. Experimental Procedure
With the exception of determining priming heads, the 
remainder of the experimental data was based on the quantity of 
water (Q) that the pipe would pass at a certain entrance condition 
and pipe slope. The various values of Q were determined by measuring 
the weight of water passed by the pipe over a certain period of 
time. Indicated weights were corrected for scale error and water 
temperatures were taken into account in order to obtain reliable 
data. Priming heads were determined by visual observation.
Experimental data used in the plotting of the curves are 
found in Appendix 4.
D. Optimum Hood Length
The optimum hood length of the inlet was determined by com­
paring priming head of a particular hood length with its corres­
ponding entrance loss coefficient (K^) • Hood length may be defined 
as the length of pipe projecting beyond the invert of the inlet 
(Figure 1) . Hood lengths were measured in terms of pipe diameters 
( ). Hood lengths from 1/4 D to 1 D were tested on pipe slopes up 
to and including 20%. Equation (6) was used to evaluate K^.
During the course of collecting data, it became readily 
apparent that as the conduit slope increased, the priming head also 
increased. Therefore, only the steep slopes of 10% and 20% were used 
in the plot of priming head vs. hood length (Figure 7)• Priming 
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inlet which causes the inlet to initially seal. An examination 
of Figure 7 indicates that the minimum hood length to insure priming 
at a low head would be 1/2 D. Shorter hood lengths require a rela­
tively large increase in head for priming, while longer hood lengths 
show a very small improvement over the 1/2 D hood length.
Figure 8 illustrates the fact that the longer the hood length, 
the greater is the value of . Since this is true, the optimum 
hood length would be the shortest hood length that would insure 
priming at a low head. This minimum hood length is 1/2 D. There 
seems to be little justification in using a longer hood length to 
be on the "safe side". Sample calculations for determining K f o r  a 
1/2 D hood length are found in Appendix .3.
It should be noted here that the values of K are based on ae
ponds roughly with a concrete conduit. As pointed out by C. W.
Harris, the value of K will decrease with an increase in the t /De p
ratio (9). In other words, a thin steel conduit will have a greater
entrance loss coefficient than, say, a concrete conduit. This is
normally explained by the fact that the vena contracta decreases
with a decrease in pipe thickness (10).
The author also noted that the value of K is not constante
for all conduit slopes. Figure 9 indicates that decreases with 
increases in slope. This can probably be explained by the change 
in entrance conditions as the conduit slope is changed. By re­
ferring to Figure 1, it can be seen that the effective t^ increases
22
as the conduit slope increases, thus lowering the value of .
Since does vary with the conduit slope and the t^/D ratio, 
it is not possible to state one definite value of that would 
apply to all conduit conditions. This being the case, further re­
search should be made in this field to include a wide range of con­
duit slopes and t^/D ratios. If this is done it would be possible 
to furnish the engineer with the necessary design criteria.
E . Vortex Action
The presence of a vortex has a pronounced detrimental affect 
on the ability of a pipe to pass water. As explained earlier, when 
air is sucked into the pipe, a portion of the water flowing is re­
placed by air, resulting in a decrease in the actual flow. For a 
low submergence of the inlet the vortex action is strong (Figure 10). 
However, as the head increases the vortex becomes weaker and weaker 
until it disappears altogether. Unless special precautions are 
taken, the vortex will not disappear until the head is in excess of 
two pipe diameters.
By using an effective anti-vortex device, the vortex can, for 
all practical purposes, be eliminated. The writer used an anti­
vortex plate with dimensions as shown in Figure 4 with very satis­
factory results. The main function of the anti-vortex plate is to 
move the possible source of a vortex away from the pipe entrance.
If the water seal at the entrance is then sufficient, no vortex will
form.
23
Figure 10, A Strong Vortex
2 4
Although the value of can be expected to increase when 
using an anti-vortex device, the actual quantity of water passed by 
the pipe will increase because of the elimination of air flow. 
Naturally, during open channel flow there would be no advantage in 
using such a device. Figure 11 illustrates the advantage of using 
an anti-vortex plate. Since full pipe flow is attained at a lower 
head when using an anti-vortex device, the principle improvement of 
flow lies in the zone where the pipe without the device has not 
reached full pipe flow and a similar pipe with the device is flowing 
full. For example, at a H/D of 1.15 the pipe with the anti-vortex 
plate has a Q of around .205 cfs while the pipe without the device 
has Q of around .130 cfs. It is then possible to increase the flow 
by approximately 57.6% by using an anti-vortex plate at a H/D ratio 
of 1.15. At higher heads the capacity of the two pipes would 
approach each other until the headwater elevation was sufficient to 
suppress the vortex. At that time the anti-vortex device would not 
be an advantage, but a disadvantage because of the increase in K^. 
Since it is desirable to keep the headwater elevation at a minimum, 
preferably in the vicinity of one pipe diameter, the justification 
of an anti-vortex device is apparent. The anti-vortex plate can be 
simply a flat metal plate spot welded on top of the crown of a metal 
pipe.
Figure 11 clearly shows the three phases of flow associated 
with the hood inlet. Curve A is open channel flow, curve B is the 
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F. Effect of Slope
A hasty glance at Figure 12 might indicate that the conduit 
slope has a pronounced effect on pipe capacity. While this is true, 
it is only true because the same pipe length was used on all slopes 
tested. In full pipe flow, and even in transition flow, as the con­
duit slope increases, the corresponding (Figure 2) increases re­
sulting in an increase in flow. So, it is not the change in slope 
itself that increases flow, but rather, the change in resulting 
from what change in slope. As pointed out previously, the value of 
does decrease with an increase in slope; a distinct advantage of 
the steeper slope. Also, the conduit slope should be greater than 
critical to insure that the pipe entrance controls flow. If the 
conduit slope is less than critical the undesirable backwater effect 
may be present. The control for a pipe laid on a 0% slope is the 
critical depth at the pipe exit.
It is usually stated that conduit slope does not affect 
conduit capacity for open channel flow. Figure 12 shows that there 
is a slight increase in flow with an increase in slope. This ob­
served increase is probably due to a change in entrance condition 
with a change in slope. Again, further investigations should be made 
in this area.
G. Surface Flow Excluder
As stated previously, investigations on incorporating a 
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general functioning of such a device. The most efficient design 
will only come after an intensive study of the subject and the 
testing of a multitude of models.
If a surface flow excluder is to be successful it should be 
able to fulfill the below listed requirements.
1. The device must keep floating waste matter from entering 
the conduit entrance.
2. The device should not impair the ability of the conduit 
to pass water.
3. The device should be simply constructed.
As a starting point, the anti-vortex plate was modified by 
dropping sides from the edges of the plate two pipe diameters forming 
an open bottom box. With a circular hole in one side, the box was 
fitted to the hood inlet (hood length of 1/2 D) in the same manner 
that an anti-vortex plate would be fitted (Figure 13). This initial 
design trial was considered to be the minimum possible size of a 
surface flow excluder (box). A device of this type fulfills the 
first and third requirements, and to a certain extent, the second.
No attempt was made to accurately determine the depth to 
which the sides of the box must reach. Floating surface material 
was effectively excluded by using a depth of box of two pipe dia­
meters; however, a shallower box would do the same. The problem is, 
to what depth is suspended material excluded? This problem was not 
answered and deserves additional study. It is reasonable to assume 
that the shallower box will have a smaller entrance loss.
Figure 13, Surface Flow Excluder
In fulfilling the second requirement (the device should not 
impair the ability of the conduit to pass water), the box functioned 
as a modified anti-vortex plate, only with a greater entrance loss. 
However, since this type of surface flow excluder provides a better 
seal at the pipe entrance, priming occurs at a lower head. For in­
stance, at a slope of 2% the pipe with an anti-vortex plate primes 
at a head of 1.03 diameters while the pipe with the surface flow 
excluder primes at a head of only .97 diameters. Even though, the 
small size of the initial box resulted in a decrease in actual flow 
because of its greater entrance loss (Figure 15). It was found that 
the entrance loss could be reduced by moving the box forward so that 
the hood inlet is flush with the side of the box (Figure 14).
Although other general designs were not tested, this type of 
surface flow excluder should be an economical solution to the third 
requirement.
The next series of tests were devoted to further reducing the 
entrance loss by enlarging the size of the surface flow excluder. 
Keeping the depth of box constant, the top dimensions were increased 
to 2D x 2D and then finally to 2.5D x 2.5D. An examination of Figure 
15 indicates that the latter size is the more efficient, although it 
shows little improvement over the former. This could lead to the 
conclusion that the 2D x 2D box is the most economical design.
While this might be true for a conduit slope of 2% it is not true 
for a slope of 10%. Preliminary investigations at the steeper 
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at the same rate as the entrance loss coefficient for the hood inlet
itself. Considerable more work is necessary in this area.
Another observation that will greatly affect any future 
investigation in this field is that the 1/2D hood length is 
probably not the most efficient length when used with this type of 
surface flow excluder. It was observed that a pipe inlet with a 
zero hood length (square cut) would flow full at a slope of 20% at 
a head of approximately 1.6 diameters. Previously, a square cut 
inlet could not be induced to fill at a steep slope (2% and greater) 
when using just the anti-vortex plate. This would seem to indicate 
that a shorter hood length, with its smaller Ke> would be the opti­
mum hood length when used with a surface flow excluder.
Because of the effective entrance seal attained when using 
this type of surface flow excluder, the problem of siphoning on 
drawdown at the steeper conduit slopes must be solved prior to pre­
senting the final design. Figure 16 illustrates the effect of si­
phoning. If the seal between the box and pipe was 100% effective, 
it would be possible to draw the headwater level approximately ID 
below the invert of the pipe entrance (providing that the pipe exit 
extends below the plane of the bottom of the box). Naturally this 
condition must be avoided. The solution to this problem is to pro­
vide a source of air to break the siphon. Since the exclusion of 
minute particles of waste matter is desirable, the source of air 
should not allow surface flow into the overflow pipe. This could be 
attained by extending a vertical pipe upward from the box. Its
Figure 16, Effect of Siphoning
height should be sufficient to extend above the maximum headwater 
elevation and its location should be as far away from the pipe en­
trance as possible. The size of this air pipe must be a compromise 
between the small size necessary to limit vortex action and a possibly 
larger size necessary to break the siphon. The condition illustrated 
in Figure 16 was achieved with an incomplete seal between the conduit
and the surface >flow excluder.
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IV. CONCLUSIONS AND RECOMMENDATIONS
A. Based on the author's investigations, the following conclusions 
are presented:
1. The use of the hood inlet is an economical method of in­
creasing pipe capacity if it is practical to permit the headwater to 
submerge the crown of the inlet sufficiently to cause full pipe flow.
2. When the maximum conduit slope will not exceed 20%, the 
optimum hood length to insure full pipe flow at a low headwater 
elevation is 1/2D.
3. The entrance loss coefficient (K0) varies directly as the 
hood length and inversely as the conduit slope and the t^/D ratio. 
Representative values of are found in Figure 9. Equation (7) can 
be used to determine pipe capacity once is known.
4. An anti-vortex device is a necessity if maximum pipe 
capacity is to be realized. The anti-vortex plate as shown in Figure 
4 is recommended.
5. Conduit slope does not affect pipe capacity providing the 
slope is greater than critical. However, conduit slope does affect 
the value of K^, and thereby, indirectly affects pipe capacity.
6. A surface flow excluder of the type tested in this work 
can be used in conjunction with the hood inlet to provide an overflow 
structure for sanitary lagoons. This type of overflow structure will 
insure maximum pipe capacity and the exclusion of floating waste
matter from the effluent.
: v 7
7. Initial investigations indicate that the optimum hood 
length of the overflow pipe will be less than 1/2D when used with 
this type of surface flow excluder.
8. The problem of siphoning must be considered in any future 
development of this work.
B. The author recommends further study in the following areas:
1. The effect of conduit entrance configuration on pipe 
capacity at varying conduit slopes .
2. The design of a surface flow excluder incorporating the 
author's work in this field.
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V. APPENDICES
A, Appendix 1 - List of Symbols
Symbol Explanation
A . . • cross-sectional area of conduit
D . . diameter of pipe
f . . Weisbach friction factor
hi . . friction head loss
H . . head over invert at pipe entrance
Hs . . vertical distance from invert of entrance to invert of exit
. . total head from headwater surface to center of 
pipe exit
Ke . . entrance loss coefficient
1 . . length of conduit
n . . Manning's n
nr . . Reynold's number
Q . . pipe discharge
R . . hydraulic radius
SP . . slope of conduit
tP . . pipe wall thickness
V1 . . headwater velocity
Vp • . velocity in pipe = V2
y . . vertical distance from center of exit to plane of the invert of the exit
ycr ’ . . critical depth
B. Appendix 2 - Calculation of Critical Slope
Given: Q = 0.0708 cfs
D = 0.25 ft. 
n = 0.0095
Find: Critical Slope
y = 0.6887D = 0.6887 x 0.25 = 0.1722 ft. cr
(see item 11 in Bibliography)
Since V = 1.486 R2^3 s1/2
n
and Q = VA
S =
where A = 
and R = 
Therefore
C. Qn._ _ _ 2 / 3 ^ *(1.486 AR /'T 
0.0361 ft.2
0.0737 ft.; R2/3 = 0.1755 ft.
S = (0.0708 x 0.0095________ )2
(1.486 x 0.0361 x 0.1755) .00511
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or critical slope is .51%
40
c. Appendix 3 - Calculation of Ke
Given: Q = 0.224 cfs
S = 10%PH = 4.76 in. or 0.397 ft. 
1 = 49.88 in. or 4.16 ft. 
D = 3.0 in. or 0.25 ft. 
temp .= 18°C
Find: K
V = 2. = 0.224 = 4.56 fps
P A 0.0491
N = DVp = 0.25 x 4.56 x 1.937 x 105 = 1.007 x 105
R / *  2.196
f = 0.0032 + 0.221 = 0.0032 + 0.221
nr  *237 5 237(1.007 x 10 )* '
= 0.0176
Hs = sin(tan 1 Sp) = 0.0993; H = 0.0993 x 4.16 = 0.413 ft.
1 S
therefore K = 64.4(.397 + .413 - .125 cos(Sin"1.0993) - .0176 x
e 20.8
49.88 - 1
K = e 0.83
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D . A ppendix  4 -  E x p erim en ta l Data
1 . D ata f o r  F ig u re  11
Hood Length -  1 /2D , S lo p e  -  10%, Temp. -  19°C , W /P la te
Head
( i n )
Time
(S e c )
W t.
B e fo re
O s )
W t.
A f t e r
( l b s )
C o r r e c te d
W t.
B e fo r e
C orrected  
W t. 
A f t e r
W t.
( l b s )
Q
( c f s )
.60 120 155 .75 179 .50 148 .50 172 .75 2 4 .2 5 .00325
1 .0 3 90 179 .50 2 3 5 .0 0 172 .75 2 2 9 .7 5 5 7 .0 0 .0102
1.69 60 2 3 5 .0 0 3 3 3 .0 0 2 2 9 .7 5 3 2 9 .7 5 100 .00 .0268
2 .0 1 60 3 3 3 .0 0 4 6 7 .5 0 3 2 9 .7 5 4 6 6 .0 0 136 .25 .0364
2 .4 7 60 156 .00 3 4 5 .0 0 148 .75 3 4 1 .7 5 193^00 .0517
2 .9 3 45 3 4 5 .0 0 5 3 7 .0 0 3 4 1 .7 5 5 3 6 .5 0 194 .75 .0695
3 .1 9 60 157 .25 4 5 0 .2 5 150 .25 4 4 8 .2 5 2 9 8 .0 0 .0798
3 .2 2 60 158 .50 5 8 6 .0 0 151 .25 5 8 6 .0 0 4 3 4 .7 5 .116
3 .2 3 45 160 .25 5 4 0 .7 5 152 .75 5 4 0 .5 0 387 .75 .138
3 .2 8 30 160 .75 4 5 1 .5 0 153*75 4 4 9 .5 0 2 95 .75 .158
3 .3 0 30 159 .75 5 0 3 .0 0 1 52 .50 5 0 1 .7 5 3 49 .25 .187
3 .3 2 25 162 .75 4 6 3 .0 0 1 55 .50 4 6 1 .5 0 3 0 6 .0 0 .197
3 .8 8 25 159 .50 4 8 4 .0 0 1 52 .25 4 8 2 .7 5 3 30 .50 .212
4 .7 0 25 158 .50 5 0 0 .0 0 151 .25 4 9 9 .0 0 3 47 .75 .223
5 .3 0 25 160 .00 5 1 5 .5 0 152 .75 5 1 4 .7 5 3 6 2 .0 0 .232
5 .7 4 25 160 .50 5 1 9 .7 5 1 53 .50 5 1 9 .2 5 365 .75 .235
6 .0 0 2 4 .5 159 .25 5 2 0 .5 0 1 52 .00 5 2 0 .0 0 3 6 8 .0 0 .241
Hood lengjth  -  1/2D , S lo p e  - 10% Tem. - 19°C , W/0 P la te
3 .3 6 60 159 .25 4 9 5 .5 0 1 5 2 .0 0 4 9 4 .5 0 342 .50 .0918
3 .4 0 45 160 .25 4 7 5 .7 5 1 53 .25 4 7 4 .2 5 321 .00 .115
3 .4 5 45 159 .50 5 2 4 .2 5 1 52 .25 5 2 3 .7 5 3 7 1 .5 0 .133
3 .5 0 30 1 60 .00 4 3 5 .7 5 1 5 2 .7 5 4 3 3 .5 0 2 8 0 .7 5 .150
3 .5 3 30 158 .50 4 7 7 .7 5 1 5 1 .2 4 7 6 .2 5 3 2 5 .0 0 .174
3 .6 0 30 159 .75 5 0 4 .0 0 1 5 2 .5 0 5 0 3 .0 0 3 50 .50 .188
4 .4 0 30 160 .00 5 2 2 .0 0 1 52 .75 5 2 1 .2 5 368 .50 .197
4 .8 5 25 156 .25 487 .25 1 4 9 .0 0 4 8 6 .0 0 3 37 .00 .216
5 .4 0 25 160 .25 5 0 5 .0 0 1 53 .25 5 0 4 .0 0 3 5 0 .7 5 .225
6 .0 0 26 1 60 .50 5 3 2 .5 0 1 5 3 .5 0 5 3 2 .0 0 378 .50 .234
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2 .  A d d it io n a l  Data f o r  F ig u re  12
Hood Length -  1 /2 D , S lo p e  -  0%, Temp. -  1 8 °C , W /P la te
W t. W t. C o r r e c te d C o r r e c te d
Head Time B e fo re A f t e r W t. W t. W t. Q
( i n ) (S e c ) ( l b s ) ( l b s ) B e fo re A f t e r ( l b s )
.59 90 2 2 9 .2 5 2 3 7 .5 0 224 .00 2 3 2 .5 0 8 .5 0 .00152
.73 90 156 .25 1 72 .50 149 .00 1 65 .75 16 .7 5 .00299
.91 90 172 .50 2 0 0 .7 5 165 .75 195 .00 2 9 .2 5 .00523
1 .4 2 60 159 .00 2 11 .75 151 .75 2 0 6 .2 5 5 4 .5 0 .0146
1 .7 8 60 2 1 1 .7 5 2 96 .25 2 0 6 .2 5 2 9 2 .2 5 8 6 .0 0 .0230
2 .2 9 45 2 9 6 .2 5 3 9 9 .5 0 2 9 2 .2 5 397 .00 104 .75 .0374
2 .8 3 45 155 .75 3 0 8 .0 0 1 4 8 .5 0 3 0 4 .2 5 155 .75 .0556
2 .9 5 30 3 0 8 .0 0 4 1 8 .2 5 3 04 .25 4 1 6 .0 0 111 .75 .0598
3 .0 7 30 156 .25 2 69 .75 149 .00 2 6 5 .0 0 116 .00 .0622
3 .4 4 30 2 6 9 .7 5 4 0 6 .0 0 2 6 5 .0 0 4 0 3 .5 0 138 .50 .0742
3 .6 7 30 155 .25 300 .50 148 .00 2 9 6 .7 5 148 .75 .0796
4 .0 6 30 156 .25 3 30 .75 1 49 .00 327 .25 178 .25 .0954
4 .5 2 30 1 55 .50 3 66 .50 148 .25 3 6 2 .7 5 214 .50 .115
5 .0 7 30 156 .75 4 0 3 .0 0 1 49 .50 4 0 0 .5 0 2 5 1 .0 0 .134
5 .6 5 30 1 5 6 .5 0 4 3 3 .7 5 149 .25 4 3 1 .7 5 2 8 2 .5 0 .151
6 .1 5 30 156 .75 4 5 1 .0 0 149 .50 4 4 9 .0 0 2 99 .50 .160
Hood 1length  -  1 /2 D , S lo p e  -  2%, Temp. -  19°C , W /P la te
.68 120 1 58 .50 186 .00 1 51 .25 1 7 9 .5 0 2 8 .2 5 .00375
1 .0 0 90 1 8 6 .0 0 2 3 2 .7 5 179 .50 2 2 7 .2 5 4 7 .7 5 .00852
1 .5 9 60 2 3 2 .7 5 311 .25 2 2 7 .2 5 3 0 7 .5 0 8 0 .2 5 .0215
2 .2 4 60 3 1 1 .2 5 4 6 0 .0 0 307 .50 4 5 8 .5 0 151 .00 .0404
2 .9 5 60 1 5 9 .5 0 3 9 5 .0 0 152 .25 392 .50 2 4 0 .2 5 .0643
3 .0 8 60 1 5 8 .5 0 4 1 1 .5 0 151 .25 409 .25 2 5 8 .0 0 .0690
3 .1 0 60 1 5 9 .0 0 4 1 2 .7 5 1 51 .75 4 1 0 .5 0 2 5 8 .7 5 .0693
3 .2 2 60 1 59 .25 4 2 9 .7 5 1 5 2 .0 0 427 .50 2 7 5 .5 0 .0738
3 .2 7 45 1 5 9 .0 0 4 3 8 .7 5 1 51 .75 4 3 6 .5 0 2 8 4 .7 5 .102
3 .3 0 60 1 5 8 .5 0 442 .75 151 .25 4 4 0 .7 5 2 8 9 .5 0 .0775
3 .5 2 45 1 5 8 .5 0 4 7 0 .5 0 1 51 .25 4 6 9 .0 0 3 17 .75 .113
3 .9 7 30 158 .25 3 9 5 .5 0 1 5 1 .0 0 3 9 3 .0 0 2 4 2 .0 0 .130
4 .6 0 30 1 59 .75 4 3 2 .2 5 1 52 .50 4 3 0 .0 0 2 7 7 .5 0 .149
5 .1 3 30 1 59 .50 4 5 5 .5 0 152 .25 4 5 3 .5 0 301 .25 .161
5 .6 5 30 1 63 .00 4 8 1 .2 5 156 .00 4 8 0 .0 0 3 24 .00 .173
5 .9 8 30 1 5 8 .0 0 4 8 6 .7 5 150 .75 4 8 5 .5 0 3 34 .75 .179
43
Hood Length -  1 /2 D , S lo p e  -  20%, Temp. -  18°C , W /P la te
Time
(S e c )
W t.
B e fo re
( l b s )
W t.
A f t e r
( l b s )
C o r r e c te d
W t.
B e fo r e
C o r r e c te d
W t.
A f t e r
W t.
( l b s )
-
Q
( c f s )
.69 90 1 5 6 .0 0 1 80 .25 1 48 .75 1 7 3 .7 5 2 5 .0 0 .0044(
1 .1 6 60 180 .25 2 2 7 .2 5 173 .75 222 .00 4 8 .2 5 .0129
1 .5 2 60 2 2 7 .2 5 3 0 9 .5 0 222 .00 3 0 5 .7 5 8 3 .7 5 .0224
1 .9 7 60 3 0 9 .5 0 4 4 1 .5 0 305 .75 4 3 9 .5 0 1 33 .75 .0358
2 .3 8 60 157 .00 3 4 4 .0 0 149 .75 3 4 0 .7 5 1 91 .00 .0512
2 .8 6 60 1 5 6 .7 5 4 1 4 .0 0 149 .50 4 1 1 .7 5 2 6 2 .2 5 .0702
3 .0 8 60 1 57 .75 4 4 3 .0 0 1 50 .50 4 4 1 .0 0 2 9 0 .5 0 .0778
3 .3 3 60 1 5 7 .0 0 4 9 5 .0 0 149 .75 4 9 4 .0 0 3 4 4 .2 5 .0922
3 .3 8 60 1 56 .75 5 6 6 .2 5 149 .50 5 6 6 .2 5 4 1 6 .7 5 .111
3 .4 0 47 157 .25 5 5 4 .0 0 1 50 .25 5 5 3 .7 5 4 0 3 .5 0 .138
3 .5 0 30 1 57 .50 5 1 2 .5 0 1 50 .25 5 1 1 .7 5 3 6 1 .5 0 .195
3 .5 5 30 1 58 .00 5 5 0 .5 0 150 .75 5 5 0 .0 0 3 99 .25 .214
3 .6 2 25 157 .25 532 .00 1 50 .25 5 3 1 .5 0 3 81 .25 .245
3 .6 3 25 157 .00 5 7 3 .7 5 1 49 .75 5 7 3 .7 5 4 2 4 .0 0 .272
3 .7 5 20 1 5 8 .0 0 5 0 2 .5 0 1 5 0 .7 5 5 0 1 .7 5 3 51 .00 .282
4 .3 6 20 1 5 8 .0 0 5 0 6 .5 0 1 5 0 .7 5 5 0 5 .7 5 3 5 5 .0 0 .285
4 .5 8 20 1 5 8 .5 0 5 1 4 .0 0 151 .25 5 1 3 .2 5 3 62 .00 .291
5 .2 4 20 159 .00 5 1 9 .7 5 151 .75 5 1 9 .0 0 367 .25 .295
5 .8 2 20 160 .25 5 2 6 .2 5 1 53 .25 5 2 5 .5 0 3 72 .25 .299
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3 .  Data f o r  F ig u re  14
Box M td. as P la t e ,  S lo p e  -  0%, Tem. -  18°C
Wt. Wt. C o r r e c te d C o r r e c te d
Head Time B e fo re A f t e r Wt. Wt. Wt. Q
(in) <S ec) ( l b s ) ( l b s ) B e fo re A f t e r ( l b s )
1 .27 60 4 1 1 .0 0 4 5 1 .2 5 4 0 8 .7 5 4 4 9 .2 5 4 0 .5 0 .0108
1 .6 2 60 155 .00 2 2 2 .0 0 147 .75 2 1 6 .7 5 69 .00 .0185
2 .4 6 45 2 2 2 .0 0 334 .50 2 1 6 .7 5 3 3 1 .0 0 114 .25 .0408
3 .0 2 30 156 .00 2 5 9 .5 0 148 .75 2 5 4 .7 5 106 .00 .0567
3 .4 2 30 2 5 9 .5 0 3 83 .75 2 5 4 .7 5 3 8 1 .2 5 1 2 6 .5 0 .0677
4 .5 7 30 1 5 5 .7 5 3 3 7 .7 5 148 .50 3 3 4 .0 0 185 .50 .0993
5 .7 2 30 1 5 5 .5 0 3 98 .25 148 .25 3 9 6 .0 0 2 4 7 .7 5 .133
5 .9 8 30 156 .75 4 1 1 .0 0 149 .50 4 0 8 .7 5 2 5 9 .2 5 .139
Box M td. F lu sh , S lo p e  -  0%, Temp. - 18°C
.90 90 161 .75 1 8 8 .5 0 1 54 .50 1 8 2 .0 0 2 7 .5 0 .00491
1 .5 8 60 1 88 .50 2 5 4 .0 0 182 .00 2 4 9 .0 0 6 7 .0 0 .0179
2 .4 5 45 2 5 4 .0 0 369 .00 2 4 9 .0 0 3 6 6 .2 5 117 .25 .0418
3 .0 0 30 1 5 7 .0 0 2 6 4 .5 0 149 .75 2 5 9 .7 5 110 .00 .0589
4 .0 0 30 2 6 4 .5 0 4 2 2 .5 0 2 5 9 .7 5 4 2 0 .2 5 160 .50 .0859
4 .5 5 30 1 56 .25 346 .50 149 .00 3 4 3 .2 5 194 .25 .104
5 .2 8 30 1 5 6 .5 0 3 89 .25 149 .25 3 8 6 .7 5 2 3 7 .5 0 .127
6 .0 0 30 1 5 6 .5 0 4 2 6 .7 5 149 .25 4 2 4 .7 5 2 7 5 .5 0 .148
\5
4 .  Data f o r  F ig u re  15
1 .5D x  1.5D  b ox  M td . F lu sh , S lo p e  -  2%, Tem. -  19°C
Head
( i n )
Time
(S e c )
W t.
B e fo re
( l b s )
W t.
A f t e r
( l b s )
C o r r e c te d
W t.
B e fo r e
C o r r e c te d
W t.
A f t e r
w t .
( l b s )  ,
Q
( c f s )
.59 120 2 0 3 .5 0 2 2 4 .0 0 1 9 7 .7 5 2 18 .75 2 1 .0 0 .00281
.98 90 159 .25 2 0 3 .5 0 152 .00 197 .75 4 5 .7 5 .00816
1 .6 2 60 2 2 4 .0 0 2 9 9 .0 0 2 1 8 .7 5 2 9 5 .0 0 7 6 .2 5 .0204
1 .9 3 90 2 9 9 .0 0 4 6 2 .5 0 2 9 5 .0 0 4 6 0 .7 5 165 .75 .0296
2 .7 0 60 158 .75 3 5 9 .2 5 1 5 1 .5 0 3 5 6 .5 0 205 .00 .0548
2 .8 9 60 159 .00 3 8 0 .5 0 1 5 1 .7 5 3 78 .00 2 26 .25 .0606
3 .0 1 60 1 59 .00 3 9 2 .7 5 1 5 1 .7 5 390 .00 2 3 8 .2 5 .0638
3 .4 1 45 159 .50 4 3 2 .0 0 152 .25 4 2 9 .7 5 2 7 7 .5 0 .0990
4 .1 2 45 160 .50 496 .00 1 5 3 .5 0 4 9 5 .0 0 3 41 .50 .122
4 .7 9 30 1 59 .50 4 2 0 .2 5 1 5 2 .2 5 4 1 8 .0 0 2 6 5 .7 5 .142
5 .4 8 30 159 .00 4 4 4 .2 5 1 5 1 .7 5 4 4 2 .0 0 2 9 0 .2 5 .155
6 .0 2 30 159 .50 4 6 9 .0 0 1 5 2 .2 5 4 6 7 .5 0 315 .25 .169
2D x  2D Box M td. F lu sh , S lo p e  -  2%, Temp . -  19°C
W t. W t. C o r r e c te d C o r r e c te d
Head Time B e fo re A ft e r W t. W t. W t. Q
( i n ) (S e c ) ( l b s ) ( l b s ) B e fo re A f t e r ( l b s ) ( c f s )
.58 180 158 .25 188 .00 1 51 .00 1 8 2 .5 0 3 1 .5 0 .00281
1 .1 5 120 1 88 .00 2 7 4 .0 0 1 82 .50 2 6 9 .5 0 8 7 .0 0 .0116
1 .67 90 2 7 4 .0 0 4 0 9 .0 0 2 6 9 .5 0 4 0 6 .7 5 137 .25 .0245
2 .1 9 60 158 .25 3 02 .50 1 51 .00 2 9 8 .5 0 1 4 7 .5 0 .0394
2 .8 5 60 159 .75 385 .25 152 .50 3 8 2 .7 5 2 3 0 .2 5 .0617
3 .37 45 160 .75 4 5 2 .2 5 153 .75 450 .25 2 9 6 .5 0 .106
4 .0 3 30 161 .25 3 98 .75 154 .25 3 9 6 .2 5 2 4 2 .0 0 .130
4 .7 0 30 159 .25 4 3 2 .5 0 152 .00 4 3 0 .2 5 2 7 8 .2 5 .149
5 .3 0 30 160 .50 4 5 9 .7 5 153 .50 4 5 8 .0 0 3 0 4 .5 0 .163
5 .7 5 30 1 6 1 .0 0 4 7 8 .2 5 154 .00 477 .00 3 2 3 .0 0 .173
5 .9 0 30 160 .00 4 8 2 .7 5 152 .75 4 8 1 .2 5 3 2 8 .5 0 .176
2 .5D x  2 .5D  Box M td. F lu sh , S lo p e  -  2%, Temp. -  21°C
.65 120 1 52 .75 178 .25 145 .50 1 7 1 .7 5 2 6 .2 5 .00351
1 .4 5 90 178 .25 2 7 8 .5 0 171 .75 2 7 4 .0 0 102 .25 .0183
2 .1 7 60 2 7 8 .5 0 4 2 1 .7 5 2 7 4 .0 0 4 1 9 .5 0 1 4 5 .5 0 .0389
2 .8 1 60 159 .75 381 .25 152 .50 3 7 8 .7 5 2 2 6 .2 5 .0606
3 .5 4 60 160 .00 5 8 3 .0 0 152 .75 5 8 3 .0 0 4 3 0 .2 5 .115
4 .4 0 30 1 6 0 .0 0 4 2 2 .5 0 152 .75 4 2 0 .2 5 2 6 7 .5 0 .143
5 .3 9 30 1 6 0 .0 0 4 7 1 .2 5 152 .75 4 6 9 .7 5 3 1 7 .0 0 .170
5 .9 5 30 1 59 .75 4 9 0 .7 5 152 .50 4 8 9 .5 0 3 3 7 .0 0 .180
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